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^i^T^ final state in pp collisions at ^ = 7 TeV. The data were recorded with the ATLAS detector at the 
LHC during 201 1 and correspond to an integrated luminosity of 4.6 fb"^. No significant excess above 
the Standard Model expectation is observed, and exclusions at 95% confidence level are placed on 
the cross section times branching ratio for the production of an i?-parity-violating supersymmetric tau 
sneutrino. These results considerably extend constraints from Tevatron experiments. 



Search for a heavy narrow resonance decaying to e/i, er, or iir with 
the ATLAS detector in ^/s = 7 TeV pp colhsions at the LHC 



The ATLAS Collaboration 



Abstract 

This letter presents the results of a search for a heavy particle decaying into an e^/z^, e^r^, 
or iM^T^ final state in pp collisions at \fs = 7 TeV. The data were recorded with the ATLAS 
detector at the LHC during 2011 and correspond to an integrated luminosity of 4.6 fb~^. 
No significant excess above the Standard Model expectation is observed, and exclusions at 
95% confidence level are placed on the cross section times branching ratio for the production 
of an i?-parity-violating supersymmetric tau sneutrino. These results considerably extend 
constraints from Tevatron experiments. 



1. Introduction 

Neutrino oscillations show that lepton- 
flavour quantum numbers are not conserved 
in Nature. On the other hand, lepton- 
flavour violation (LFV) has not been ob- 
served in the charged lepton sector, where 
neutrino-induced LFV is predicted to be ex- 
tremely small in the Standard Model (SM). 
The study of possible LFV processes involv- 
ing charged leptons is an important topic 
in the search for physics beyond the SM. 
One possible signature is the production of 
a particle that decays to a pair of different 
flavour, opposite-sign leptons e^/i^ (e/x); 
e^r^ (er), or n'^r^ {fir) (referred to generi- 
cally as ii'). Since leptons with large trans- 
verse momenta are identified cleanly, effi- 
ciently, and with good resolution, the AT- 
LAS detector is well suited to a search for 
this signature. Many new physics models al- 
low LFV in charged lepton interactions. For 
example, in i?-parity-violating (RPV) mod- 
els of supersymmetry (SUSY) [H, a sneu- 
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trino can have LFV decays to £i'. Models 
with additional gauge symmetry can accom- 
modate an ii' signature through LFV de- 
cays of an extra gauge boson Z' This 
signature is also produced in the SM frame- 
work, for example, ti, WW, or Z/7* 
T~T^ production where the final-state par- 
ticles decay to leptons of different flavour. 
These processes typically have small cross 
sections, and the ii' invariant mass (m«/) 
lies predominantly below the range favoured 
for new physics signals. 

This letter reports on a search for a heavy 
particle decaying into the e/i, erhad, or /zThad 
final state, where Xhad is a r lepton that de- 
cays hadronically. The search uses 4.6 fb~^ 
of 7 TeV pp collision data taken with the 
ATLAS detector during 2011. The results 
are interpreted in terms of the production 
via dd annhiliation and subsequent decay of 
a tau sneutrino u^- in RPV SUSY [dd — )■ 
i>r ii'). Both the CDF and DO Collab- 
orations at the Tevatron collider have re- 
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ported searches for the RPV production and 
decay of a Vr in the e/z channel [3|. The 
CDF Collaboration also set limits in the er 
and /XT channels jsj. This letter supersedes 
previous ATLAS searches for a high-mass 
resonance decaying to e/i based on 1 fb~^ 
of 2011 data [2] and extends the search to 
CThad and /iThad Anal states. 

Precision low-energy searches, such as /i 
to e conversion on nuclei, rare muon decays, 
and rare tau decays, place limits on RPV 
couplings [ij. These limits often depend on 
masses of supersymmetric particles that oc- 
cur in loop diagrams and often need to as- 
sume the dominance of certain couplings or 
pairs of couplings to extract limits. 

2. ATLAS detector 

The ATLAS experiment at the LHC em- 
ploys a multipurpose particle physics detec- 
tor with a forward-backward symmetric 
cylindrical geometry and near 47r coverage 
in solid ang leQ The inner tracking detector 
covers the pseudorapidity region |?7| < 2.5 
and consists of a silicon pixel detector, a 
silicon microstrip detector, and a transition 
radiation tracker. The inner tracking detec- 
tor is surrounded by a thin superconducting 
solenoid that provides a 2 T magnetic field 
and by a finely-segmented calorimeter with 
nearly full solid-angle coverage. The latter 
covers the pseudorapidity range \ri\ < 4.9 



^ATLAS uses a right-handed coordmate system 
with its origin at the nominal interaction point 
(IP) in the centre of the detector and the 2;-axis 
along the beam pipe. The x-axis points from the 
IP to the centre of the LHC ring, and the y-axis 
points upward. Cylindrical coordinates (r, 0) are 
used in the transverse (x,y) plane, (p being the az- 
imuthal angle around the beam pipe. The pseudo- 
rapidity is defined in terms of the polar angle 9 as 
r] = -lntan(6'/2). 



and provides three-dimensional reconstruc- 
tion of particle showers. The electromag- 
netic compartment uses lead absorbers with 
liquid-argon as the active material. This is 
followed by a hadronic compartment, which 
uses scintillating tiles with iron absorbers 
in the central region and liquid-argon sam- 
pling with copper or tungsten absorbers 
for \ri\ > 1.7. The muon spectrom- 
eter surrounds the calorimeters and con- 
sists of three large superconducting toroids 
(each with eight coils) , a system of precision 
tracking chambers (|?7| < 2.7), and detectors 
for triggering. 

3. Data and event selection 

The data used in this analysis were 
recorded in 2011 at a centre-of-mass energy 
of 7 TeV. Only data with stable run con- 
ditions and operational tracking, calorime- 
try, and muon subdetectors are used. This 
results in a data sample with an integrated 
luminosity of 4.6 fb~^ with an estimated un- 
certainty of 3.9% 0. Events are required 
to satisfy a single-electron trigger for the e/i 
and CThad searches and a single-muon trig- 
ger for the /iThad search. The nominal trans- 
verse momentum (pt) threshold for the elec- 
tron trigger was 20 or 22 GeV, depending 
on the instantaneous luminosity, and was 
18 GeV for the muon trigger. 

An electron candidate is required to have 
> 25 GeV and to lie in the pseu- 
dorapidity region \ri\ < 2.47, excluding 
the transition region (1.37 < \ri\ < 1.52) 
between the barrel and endcap calorime- 
ters. The pt of the electron is calculated 
from the calorimeter energy and the direc- 
tion of the inner detector track. A set 
of electron identification criteria based on 
the calorimeter shower shape, track qual- 
ity, transition radiation, and track match- 
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ing with the calorimeter energy deposition, 
referred to as 'tight' is apphed. Two 
lepton isolation criteria are used to reduce 
backgrounds from hadronic jets. The calori- 
metric isolation criterion requires that the 
transverse energy deposited within a cone 
of radius AR = ^{Ar]^ + A{(f)y = 0.3 
around the electron cluster, excluding the 
core energy deposited by the electron, is 
less than 0.14 times the px of the candidate. 
The tracking isolation criterion requires the 
sum of the transverse momenta of tracks 
with pt > 1 GeV within a cone of radius 
AR < 0.3 around the electron track, ex- 
cluding the electron track, is less than 0.13 
times the px of the candidate. 

A muon candidate must have recon- 
structed tracks in both the inner detector 
and the muon spectrometer. The muon 
track parameters are a statistical combi- 
nation of those for the inner detector and 
muon spectrometer tracks. The inner de- 
tector track is required to have a pattern of 
hits consistent with a quality track. Fur- 
thermore, the muon candidate must have 
Pt > 25 GeV and be isolated, using similar 
criteria as for electrons: 0.14 times pt for 
calorimetric isolation and 0.15 times px for 
tracking isolation. 

Jets are reconstructed using the anti-Zcj 
jet clustering algorithm joj with a radius pa- 
rameter of 0.4. Only jets with pt > 20 GeV 
and \7]\ < 2.5 are considered. Leptons are 
retained only if they are separated from all 
jets by AR > 0.4. 

Tau leptons are reconstructed through 
their hadronic decays. The tau reconstruc- 
tion is seeded by anti-kt jets |9j with cone 
size AR = 0.4 and jet pt > 10 GeV. Cor- 
rections depending on px and r] are ap- 
plied to the tau energy. A boosted deci- 



sion tree discriminator [10| efficiently selects 
taus while rejecting backgrounds. The vari- 



ables used in the discriminator are AR be- 
tween the tracks and the tau candidate, the 
impact parameter significance of the tracks, 
the fraction of the px of the tau candidate 
carried by the tracks, the number of tracks 
in an isolation annulus of 0.2 < AR < 0.4, 
the width of the energy deposition in the 
calorimeter, energy isolation for cones of 
AR = 0.1 and AR = 0.4, and the invariant 
mass associated with the energy deposition. 
For this analysis, 'medium' selection criteria 
as described in reference 10(| are used. This 
selection is about 60% efficient at retaining 
taus that decay hadronically, as measured 
in Z —7- rr decays, while accepting 1 of 20 
to 1 of 50 ordinary hadronic jets misidenti- 
fied as tau candidates. The reconstruction 
efficiency for hadronic tau decays with three 
tracks drops significantly at large transverse 
momentum as the tracks become more col- 
limated. This analysis therefore uses only 
tau candidates with one track, which com- 
prise 85% of tau decays. Tau candidates 
must have > 20 GeV and pseudorapid- 
ity in the range 0.03 < \ri\ < 2.5. The 
lower limit excludes a region where there 
is reduced coverage from the inner detector 
and calorimeters, which greatly increases 
misidentification of electrons as hadronic 
tau decays. To retain only taus that de- 
cay hadronically (xhad), candidates consis- 
tent with being an electron or a muon are 
rejected. 

The missing transverse energy (E^^^^) is 
calculated from the vector sum of the trans- 
verse momenta of all high-px objects (elec- 
trons, muons, photons, taus, and jets) and 
all calorimeter energy clusters with \ri\ < 4.5 
not associated with those objects [11] . 

Events are required to have exactly two 
lepton candidates with opposite sign and 
different flavour, that is, e/i, exhad, or /iXhad- 
In addition, each event must have at least 



one primary vertex with at least four tracks 
with pt > 400 MeV. The two leptons are 
chosen to be back-to-back in by requiring 
that the azimuthal angle between them sat- 
isfies A0«/ > 2.7. Finally, for the erhad and 
yUThad events, the of the electron or muon 
is required to be greater than the of the 
tau. 

For CThad and /xThad signal events, the 
presence of only one tau and the require- 
ment of large momentum relative to the 
tau mass implies that the neutrino from 
the tau decay should point in nearly the 
same direction as the tau momentum and 
that there are no other significant sources 
of E^^^^. The transverse components of the 
neutrino momentum are set equal to the 
components of the E^^^^^ vector and the po- 
lar angle of the neutrino momentum is set 
equal to the polar angle of the tau candi- 
date's momentum. The momentum of the 
tau candidate is corrected for the momen- 
tum of the neutrino in the calculation of the 
CThad and /iThad invariant mass. This signif- 
icantly reduces the width of the invariant 
mass distribution for erhad and /iXhad pairs 
and improves the search sensitivity, while 
making no significant changes to the back- 
ground shapes. For dilepton masses from 
400 GeV to 2000 GeV, the mass resolutions 
range from 2.5% to 7.5%, 2.2% to 4.3%, and 
6.3% to 9.0% for the e/i, erhad, and /iXhad 
decay modes, respectively. The mass reso- 
lutions are dominated by the resolution of 
the transverse momenta of the leptons. At 
high pt, the transverse momentum resolu- 
tion is best for electrons, whose pi measure- 
ment is based primarily on energy deposited 
in the electromagnetic calorimeter. It is 
next best for taus, whose px measurement 
is based on electromagnetic and hadronic 
calorimeter energy depositions. It is the 
worst for muons, whose pi measurement is 



from tracking. The E^ of the tau used in 
the selection requirements above is not cor- 
rected for the neutrino momentum. 

4. Backgrounds 

The SM processes that can produce an 
if signature are divided into two cate- 
gories: backgrounds that produce direct 
lepton pairs (referred to as direct-lepton 
backgrounds) and jet backgrounds where 
one or both of the candidate leptons is from 
a misidentified jet. Data events with an if 
invariant mass below 200 GeV constitute 
a control region to verify the background 
estimates, and events with masses above 
200 GeV comprise the signal search region. 

The dominant direct-lepton backgrounds 
are tt, Z/Y ii, diboson {WW, ZZ, 
and WZ), and single top quark (Wt). 
Since these processes are well understood 
and modelled, their contributions are esti- 
mated using Monte Carlo samples gener- 
ated at a/s = 7 TeV and processed with 
the full ATLAS geant4 [l2j simulation 
and reconstruction. The event generators 
used are pythia 6.421 [lij {W and ^'/rl, 

POWHEG 1.0 (ti), MADGRAPH 4 (l5| 

{W/Z + 7), mcOnlo 3.4 fl3 (single top 
quark) and HERWIG 6.510 [13] {WW, WZ 
and ZZ). The partori distribution func- 
tions are CTEQ6L1 
duction and CTIO 



18 1 for W and Z pro- 
19| for ti, single-top 



quark, and diboson production. The Monte 
Carlo samples are normalized to cross sec- 
tions with higher-order corrections applied. 
The cross section is calculated to next-to- 
next-to-leading order for W and Z/'y* [2ol |. 
next-to-leading order plus next-to-next-to- 
leading log for ti j2j|, and next-to- leading 



order for WW, WZ and ZZ [221. Single- 



top quark and W/Z + 7 cross sections are 
calculated with mc@nlo and madgraph, 



respectively. The effects of QED radiation 
are generated with photos |23j. Hadronic 
tau decays are simulated with TAUOLA [j^ ]. 
Studies of leptons in Zj^* ^ W, and J/ip 



events [25| have shown that the lepton re- 
construction and identification efficiencies, 
energy scale, and energy resolution need 
small adjustment in the Monte Carlo sim- 
ulation to describe the data properly. The 
appropriate corrections are applied to the 
Monte Carlo samples to improve the mod- 
elling of the backgrounds. The effect of ad- 
ditional pp interactions per bunch crossing 
as a function of the instantaneous luminos- 
ity is modelled by overlaying simulated min- 
imum bias events with the same distribution 
in number of events per bunch crossing as 
observed in the data. 

The processes W/Z + 7, W/Z +}ets, and 
multijet production give rise to backgrounds 
from jets misidentified as leptons, electrons 
from photon conversions, and leptons from 
hadron decays (including b- and c-hadron 
decays). The dominant component of these 
backgrounds is from events with one prompt 
lepton and one jet misidentified ClS db lep- 
ton, with an additional contribution from 
events with two misidentified jets. These 
backgrounds are estimated using data. The 
background component initiated by prompt 
photons is estimated from Monte Carlo 
samples. 

The jet backgrounds, including semilep- 
tonic decays in bottom and charm jets, are 
greatly reduced by the lepton isolation and 
high-pT requirements but are still signifi- 
cant. The dominant jet background is due 
to H^-|-jets production, whose contribution 
is estimated using data from a subsample 
selected with the same criteria as signal 
events but with the additional requirement 
^miss ^ 20 QgY This subsample is enriched 
in VT+jets events, whose contribution is 



about 60%, while the multijet background is 
reduced to about 3% and the direct-lepton 
background to about 37%. The potential ef- 
fect of the multijet contribution is included 
in the systematic uncertainty. The contri- 
bution from direct-lepton backgrounds in 
the subsample is determined from Monte 
Carlo simulation and is subtracted to give 
the number of H^+jets events. This num- 
ber is extrapolated to the number in the full 
data sample without the E^^^^ criterion us- 
ing the ly+jets Monte Carlo samples. The 
shapes of the VT+jets background in vari- 
ous kinematic variables, including m«/, are 
taken from VT+jets Monte Carlo samples. 

Studies of event samples dominated by 
multijet events show that the probability 
that a jet is misidentified as a lepton is inde- 

with a 10% un- 
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pendent of its charge 
certainty. A same-sign sample is selected 
using the same criteria as for the signal sam- 
ple but with the sign requirement reversed. 
The multijet background in the opposite- 
sign sample is taken to be equal to its con- 
tribution in the same-sign sample. Direct- 
lepton backgrounds produce more opposite- 
sign than same-sign events, so the same- 
sign sample is enriched in multijet back- 
ground. Contributions to the same-sign 
sample by the direct-lepton backgrounds 
are determined from Monte Carlo simula- 
tion. The VT-l-jets contamination of the 
same-sign sample is determined by selecting 
only same-sign events with E^^^^ > 30 GeV 
and then extrapolating to the full same-sign 
sample using Monte Carlo simulation. The 
direct-lepton background and H^-f-jets con- 
tributions are subtracted from the observed 
same-sign sample to give the expected dis- 
tribution and normalisation of the multijet 
background in the opposite-sign sample. 

Table [1] shows the number of events se- 
lected in data and the estimated back- 
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ground contributions with their uncertain- 
ties. The largest backgrounds in the signal 
region (m«/ > 200 GeV) are W^+jets events, 
arising primarily from the leptonic decay of 
the W and the misidentification of a jet as a 
lepton, and ti events, arising primarily from 
semileptonic decays of both the t and i. For 
the exhad mode, there is a significant contri- 
bution from multijet events where two jets 
are misidentified as leptons. There is also a 
significant contribution to the e/z mode from 
WW diboson production where one W de- 
cays to an electron and the other to a muon. 
Blank entries indicate an insignificant con- 
tribution to the background. The dominant 
sources of systematic uncertainty for the 
background predictions arise from the sta- 
tistical uncertainty on the iy-|-jets and mul- 
tijet background determinations from data, 
a 10% uncertainty on extrapolation from 
the subsample to the full sample in the cal- 
culation of the ly+jets backgrounds, theo- 
retical uncertainties on the cross sections of 
the direct-lepton background processes (5% 
to 10%), and the integrated luminosity un- 
certainty (3.9%). Other systematic uncer- 
tainties from the lepton trigger (1%), the 
product of reconstruction and identification 
efficiencies (1%, 2%, and 5% for e, /i, and 
r, respectively), and the energy /momentum 
scale and resolution (1%, 1%, and 3% for e, 
/i, and r, respectively) are small and have 
been included. There are small correlations 
between the background estimates (for ex- 
ample, from the luminosity), which are in- 
cluded when setting limits. 



The expected number of events in the 
control region agrees well with the observed 
number of events for all three signatures 
(e/i, exhad, and /iXhad)- 



5. Signal simulation 

The production of an RPV 9^ followed by 
a lepton- flavour- violating decay into e/x, er, 
or fiT is considered in the interpretation of 
the data. The Ur may be produced by ei- 
ther dd or ss but not uu annihilation. This 
search is performed assuming exclusively dd 
production, since ss production is expected 
to be a factor of 10 to 60 lower than dd pro- 
duction for the same couplings for sneutrino 
masses from 500 GeV to 2000 GeV. 

In RPV SUSY, the LFV terms of the 
effective Lagrangian are given by L = 
IXijkLiLjCk + X'ij^LiQjdk, where L and Q 
are the lepton and quark SU(2) supermulti- 
plets, e and d are the lepton and down-like 
quark singlet supermultiplets, and i,j,k = 
1,2,3 refer to fermion generation number. 
The theory requires Xijk = —Xjik- The A' 
terms include coupling of downlike quark- 
antiquark pairs to sneutrinos, and the A 
terms include couplings of the sneutrino to 
distinct charged leptons. For the interpre- 
tation of this measurement, the sneutrino is 
produced by dd annihilation to z>^ with cou- 
pling Ag^]^ and decays to ii' with couplings 
Ai32, Ai33, and A233 for e/x, er, and /ir, re- 
spectively. 

The signal cross sections are calculated 
to next-to- leading order [l| using CTEQ6L1 



parton distribution functions [18[ and de- 
pend on the i>T- mass (?n/>^), Ag^^^ and Ajs^, 
where i ^ k are the final-state lepton gen- 
erations. The sneutrino is assumed to be 
a narrow resonance, and the measurement 
here is sensitive to the production coupling 
Ag]^^ and the branching ratio z/^ — )■ W . 
Monte Carlo events with Uj. decaying into 
e/i, er, and ut are generated with herwig 
6.520 HQ with sneutrino masses rang- 
ing from 500 GeV to 2000 GeV. 

From precision low-energy experi- 



Table 1: Estimated SM backgrounds and observed event yield for each signal category for the background 
(to«' < 200 GeV) and signal (m«' > 200 GeV) regions. 
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4300 ± 600 


5300 ± 600 


8± 1 
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Z/Y ee 
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44 ±3 




Z/Y f^f^ 
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29 ±3 


tt 


760 ± 110 


96± 18 


94± 14 


251 ± 30 


90 ±15 


70 ±13 


Diboson 


260 ± 27 


57 ±8 


60 ±7 


71 ±8 


26 ±3 


24 ±3 


Single top quark 


87 ±8 


11 ± 2 


9± 1 


39 ±4 


10 ±2 


8± 1 


W+iets 


420 ± 260 


3500 ± 700 


3200 ± 600 


90 ±40 


370 ± 80 


470 ±110 


multijet 


37± 13 


2200 ± 700 


730 ± 230 


6±2 


150 ± 50 


24± 18 


Total 














background 


3440 ± 300 


11200 ± 900 


12400 ± 800 


460 ± 60 


720 ± 80 


650 ± 90 


Data 


3345 


11212 


12285 


498 


795 


699 



ments [5|, the best limit on X'^^-^ is 
0.012 X (mj/100 GeV) = 0.12 for the 
current lower limit on mj. The limit on 
Ajsfc is 0.05 X (mg^yiOO GeV), where is 
the k^^ generation slepton. Couplings of 
A'gn = 0.11, Ai3fc = 0.07 and A'gn = 0.10, 
Ai3fe = 0.05 are used as benchmarks in this 
letter. These are consistent with current 
limits and benchmarks used in previous 
searches [s], 0]- For these couplings, the 
expected width of the sneutrino is approx- 
imately 0.1% of its mass. For the range 
of couplings considered in this letter, the 
width is always less than 5% of the mass. If 
the couplings are significantly larger than 
our benchmarks, the use of perturbation 
theory is not valid. 

6. Results 

The ii' invariant mass distributions in the 
signal region are presented in figure [T] for 
data, SM background contributions, and a 
i>r with m^;^ = 500 GeV and with couplings 
A'gn = 0.11 and A^sfc = 0.07. 



The invariant mass spectra are examined 
for the presence of an RPV sneutrino. No 
significant excess above the SM expectation 
is observed, and limits are placed on the 
production cross section times branching ra- 
tio. For each sneutrino mass, the search re- 
gion is defined to be within ±3 standard 
deviations of the sneutrino mass, except for 
m{^^ above 800 GeV, where all events with 
m«/ > 800 GeV are used. The probabil- 
ity of observing a number of events as a 
function of the cross section times branch- 
ing ratio, efficiency, luminosity, and back- 
ground expectation is constructed from a 
Poisson distribution. The systematic un- 
certainties are included by convolution with 
Gaussian distributions. The expected and 
observed 95% confidence level (CL) upper 
limits on a{pp — z>^) x BR(z>^ — )■ ii') 
are calculated as a function of m,>^ using 
a Bayesian method jisj with a fiat prior 
for the signal cross section times branch- 
ing ratio and integrating over the nuisance 
parameters. Figure [2] shows the expected 
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Figure 1: Observed and predicted invariant 
mass distributions for e/i (top), erhad (middle), and 
/^Thad (bottom). Signal simulations are shown for 
m^^ = 500 GeV (A^j^ = 0.11, \ak = 0.07). The 
region with mw < 200 GeV is used to verify the 
background estimation. The lower plot for each de- 
cay mode shows the ratio of the data to the SM 
backgrounds. The red hatching represents the un- 
certainty on the total background in all plots. 



and observed limits function of m^^^, 
together with the ±1 and ±2 standard de- 
viation uncertainty bands. The expected 
exclusion limits are determined using sim- 
ulated pseudo-experiments containing only 
SM processes by evaluating the 95% CL 
upper limits for each pseudo-experiment at 
each value of mj>^, including systematic un- 
certainties. The expected limit is calcu- 
lated as the median of the distribution of 
limits. The ensemble of limits is also used 
to find the la and 2a envelopes of the ex- 
pected limits function of m^;^. For a 
sneutrino mass of 500 (2000) GeV, the ob- 
served limits on the production cross sec- 
tion times branching ratio are 3.2 (1.4) fb, 
42 (17) fb, and 40 (18) fb for the e/x, er, 
and fiT modes, respectively. The er and 
/IT limits are weaker because (1) the 1-track 
tau hadronic branching ratio is about 50%, 
(2) the tau reconstruction efficiency is lower 
due to criteria needed to reduce jet back- 
grounds, and (3) the jet backgrounds are 
significantly larger than for the e/i mode. 

In order to extract mass and coupling lim- 
its, it is assumed that only dd and ii' couple 
to the sneutrino. The theoretical cross sec- 
tions times branching ratios for X'^-^^^ = 0.11, 
Ksk = 0.07 and X'^^^ = 0.10, Xi^k = 0.05 are 
also shown in figure |5J The branching ratio 
for each i£' mode depends on the couplings 
and is 21% for Xi^^^ = 0.11, A^sfe = 0.07 and 
14% for A^jn = 0.10, Xi3k = 0.05. The 
uncertainties on the theoretical cross sec- 
tions are evaluated by varying the factorisa- 
tion and renormalisation scales (set equal to 
each other) from m,>^/2 to 2mj>^ and vary- 
ing the parton distribution functions. These 
uncertainties are indicated as bands in fig- 
ure |2]and are small (only slightly larger than 
the width of the central line). For couplings 
-^311 = 0.10, Xisk = 0.05, the lower limits on 
the i>r mass are 1610 GeV, 1110 GeV, and 



1100 GeV for e/x, er, and fir, respectively. 
These lower limits are a factor of two to 
three higher than the best limits from the 
Tevatron for the same couplings [3i]. 

The limits on the cross section times 
branching ratio are converted to limits on 
the couplings under the assumption that 
there are no other significant couplings that 
contribute to the decay of the Ur. In 
this case, the dependence of the cross sec- 
tion times branching ratio on the couplings 
is lAgnHAisfclVl^clAgnP + 2|Ai3fcn, where 
the |A3|^p in the numerator is from the pro- 
duction and the rest is from the branching 
ratio. The factor A^^^ = 3 is from color, and 
the 2 in the denominator comes from ac- 
cepting both charge states, that is, 
and Figure |3] shows contours of the 

limit on Agj^^ function of the sneutrino 
mass for various values of Xi^k- For each 
curve, the area above the curve is excluded. 
The previous limit from ATLAS for the e/x 
mode, based on 1 fb~^ of 7 TeV data is 
also shown. 



7. Summary 

A search has been performed for a heavy 
particle decaying to e/x, erhad, or /iThad final 
states using 4.6 fb~^ of pp collision data at 
y/s = 7 TeV recorded by the ATLAS detec- 
tor at the LHC The data are found to be 
consistent with SM predictions. Limits are 
placed on the cross section times branching 
ratio for an RPV SUSY sneutrino. These 
results considerably extend previous con- 
straints from ATLAS j3] and the Tevatron 
experiments j^. 
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M. Demichev^^, B. Demirkoz^^'™, S.P. Denisov^^^, D. Derendarz^^, J.E. Derkaoui^^^*^, 

F. Derue^^, P. Dervan^^^, K. Desch^i, E. Devetak^^^ P.O. Deviveiros^°^ A. Dewhurst^^Q^ 

B. DeWilde^^^ S. DhaliwaP^^, R. DhuUipudi^^'", A. Di Giaccio^33a,i33b^ l Di Giaccio^ 

G. Di Donato^°2^'i°2^, A. Di Girolamo^o, B. Di Girolamo^o, S. Di Luise^''^^^'^''^^^, 

A. Di Mattia^s^ B. Di Micco^o, R. Di Nardo^^ A. Di Simone^^s^'i^sb^ Di Sipio^o^'^o^^ 
M.A. Diaz32a, E.B. DieliF, J. Dietrich^^ T.A. Dietzsch5s^ S. Diglio^^ K. Dindar Yagci^°, 
J. Dingfelder^i, F. Dinut^^^, G. Dionisi^^^^'^^^^, P. Dita^^^, S. Dita^^^, F. Dittus^o, 
F. Djama^^ T. Djobava^^^, M.A.B. do Vale^^^ A. Do Valle Wemans^^^^'", T.K.O. Doan^ 
M. DobbsS^ D. Dobos^", E. Dobson^o-P, J. Dodd^^, G. Doglioni^^ T. Doherty^^^ Y. Doi^^'*, 
J. Dolejsi^27^ 2. Dolezal^27^ 3^ Dolgoshein^e.*, T. Dollmae^^^ M. Donadelli^^d, 
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J. Donini34, J. Dopke^o, A. Doria^^^a^ Anjos^^^^ A. Dottii22a,i22b^ ^ Dova^°, 

A.D. Doxiadisl°^ A.T. Doyle^^^ N. Dressnandt^^^ M. Dris^^, J. Dubbcrt^s, S. Dube^^ 

E. DubreuiP, E. Duchovni^^^ G. Duckeck9^ D. Duda^^^ A. Dudarev^^ F. Dudziak^^, 
M. Duhrssen=^°, LP. Duerdoth^^^ L. Duflotl^^ M-A. Dufour«^ L. Duguid^^ M. Dunford^^^, 

H. Duran Yildiz^^, R. Duxfield^^^ M. Dwuznik^^ M. Diiren^^ W.L. Ebenstein4^ 

J. Ebkc9^ S. Eckwcilcr^i, W. Edson^, C.A. Edwards^^ N.C. Edwards^^^ W. Ehrenfcld^i, 
T. Eifert^^^ G. Eigen^^ K. Einsweiler^^ E. Eisenhandler^^ T. Ekelof^^ M. El Kacimi^^sc^ 
M. Ellert^6^ S. Elles^ F. EUinghaus^S K. Ellis^^ N. EUis^o, J. Elmsheuser^s, M. Elsing^o, 
D. Emeliyanov^^^, R. Engelmann^^®, A. Engl^^, B. Epp^^, J. Erdmann^'''^, A. Ereditato^^, 
D. Eriksson^^^^, J. Ernst^ M. Ernst^^, J. Ernwein^^^, D. Errede^6^ S. Errede^^^ E. Ertel^\ 
M. Escalier"^ H. Esch^^ C. Escobar^^a^ x. Espinal Cumll^^ B. Esposito^^ F. Etienne^^ 
A.I. Etienvre^''^^ E. Etzionl5^ D. Evangelakou^^ H. Evans^°, L. Fabbri^o^'^o^^ c. Fabre^^, 
R.M. Fakhrutdinov^^s^ Falciano^'^^a^ Y. Fang^^*^, M. Fanti^^'^'^^'^, A. Farbin^ 
A. Farilla^^^^, J. Farleyl^^ T. Farooquc^^^ S. Farrell^^^ S.M. Farrington^™, P. Farthouat^o, 

F. Fassi^^^ P. Fassnacht^°, D. Fassouliotis^ B. Fatholahzadeh^^^ A. Favareto^^^'^*^^, 
L. Fayard^^^ P. Federici^^% O.L. Fcdin^^i^ Fcdorko^^^^ M. Fchling-Kaschek^^ 

L. Fcligioni^^, C. Feng^^'^, E.J. Fcng*^, A.B. Fcnyuk^^^, J. Fcrcncci^'^^'", W. Fernando^, 
S. Fcrrag"'''^, J. Fcrrando^^, V. Fcrrara"^^, A. Fcrrari^^^, P. Fcrrari-'^'^''', R. Fcrrari^-^^'^, 

D. E. Ferreira de Lima^^, A. Ferrer^®'', D. Fcrrere"^^, C. Ferretti^^, A. Ferretto Parodi'^°^'^°^, 
M. Fiascaris^\ F. Fiedler^^ A. Filipcic^'', F. Filthaut^^'', M. Fincke-Keeler^^^, 

M.C.N. Fiolhais^24a,i^ l Fiorini^^^ A. Firan^°, G. Fischer^^ M.J. Fisher^^^ 

E. A. Fitzgerald23, M. FlechP^ I. Fleck^^^ J. FlecknerS^ P. Flcischmann^^^, 

S. Fleischmannl^^ G. Flctcher^^ T. Flick^^^ A. Floderus^^ L.R. Flores Castillo^^^^ 

A. C. Florez Bustos^^^^, M.J. Flowerdew^^ T. Fonseca Martin^'^, A. Formica^2^ A. Forti^^ 
D. Fortin^^'^^, D. Fournier^^^ A.J. Fowler''^ H. Fox^\ P. Francavilla^^ M. Franchini^o^'^ob^ 
S. Franchino^i^^'"^^, D. Francis''^°, T. Frank^^^ M. Franklin^^ S. Franz^o, 

M. Fratemali"9a,ii9b^ Fratina^^o, S.T. Frcnch^^, C. Friedrich'^^^ F. Friedrich^^ 

D. Froidcvaux'^^ , J. A. Frost^^, C. Fukunaga^^^, E. Fullana Torrcgrosa^^^, B.G. Fulsom-'^^^ , 

J. Fusteri67, C. Gabaldon^o, 0. Gabizon^^^, S. Gadatschlo^ T. Gadfort^^, S. Gadomski^^ 

G. Gagliardi^o^'^b, R Gagnon^o, C. Galea^^, B. Galhardoi24a^ g j Gallasll^ V. Gallo^^ 

B. J. Gallopi29^ p Gallusi26, K.K. Gan^o^, Y.S. Gao^^^^'^ A. Gaponenkol^ F. Garberson^^^ 
M. Garcia-Sciveres^^ C. Garcia^^?^ j Garcia Navarro^''^ R.W. Gardner^^ N. Garelli^^^ 
V. Garonne^o, C. GattF, G. Gaudioi^9% B. Gaur^^^, L. Gauthier^^e, p. Gauzzii32'^'i32b^ 

I. L. Gavrilenko9^ C. Gay^^s^ q Gaycken^^, E.N. Gazis^o, P. Ge^^d, z. Gecse^^^, 

C. N.P. Gee^^g^ D.A.A. Geertsl°^ Ch. Geich-Gimbepi, K. Gellerstedt^^^^'i^^^, C. Gemme^°% 

A. Gemmell^^^ M.H. Genest5^ S. Gentile^32a,i32b^ ^ George^^ S. George^^ D. Gerbaudo^^^ 
P. Gerlach^'^^, A. Gershon^^^, C. Gewenigcr^^'', H. Ghazlane^^^^, N. Ghodbane^^, 

B. Giacobbe20% S. Giagui32a,i32b^ Giangiobbc^^ F. Gianotti^o, B. Gibbard^^, 
A. Gibsonl5^ S.M. Gibson^o, M. Gilchriesel^ T.P.S. GilW^, D. Gillberg^^, 

A.R. Gillman^^g^ Gingrich^-'^, J. Ginzburg^^s^ ^ Giokaris^ M.P. Giordani^^^^ 

R. Giordanoi°2a,i02b^ Giorgi^^ P. Giovannini^^, RF. Giraud^^^^ D. Giugni^^a^ 
M. Giunta^^^ B.K. Gjelsten^^^ L.K. Gladilin^^ C. Glasman^o, J. Glatzer^^ A. Glazov^^ 
G.L. Glonti6^ J.R. Goddard^^ J. Godfrey^^^ J. Godlewski^o, M. GoebeP^ T. Gopfert^^ 
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C. Goeringer^i, C. Gossling^^^ S. Goldfarb^^, T. Gollingi^^^ D. Golubkov^^s, A. Gomes^24a,c^ 
L.S. Gomez Fajardo^^, R. Gongalo^^, J. Goncalves Pinto Firmino Da Costa'^^, L. Gonella^^, 
S. Gonzalez de la Hoz^^^, G. Gonzalez Parra^^, M.L. Gonzalez Silva^^, 

S. Gonzalez-Sevilla^^^ J.J. Goodson^^^ L. Goossens^", P.A. Gorbounov'^^ H.A. Gordon^s, 
I. Gorelov^o^^ G. Gor^inel^^ B. Gorini^o, E. Gormi^2a,72b^ Gorisek^^ E. Gornicki^s, 
A.T. Goshawk M. Gosselink^°^ M.I. Gostkin^^ I. Gough Eschrich^^^^ M. Gouighri^^^^, 

D. Goujdamii35c^ m.P. Goulette^^ A.G. Goussiou^^s^ q Goy^ S. Gozpinar^a, 
I. Grabowska-Bold^s, P. Grafstrom^O'^'^ob^ K-J. Grahn^^ E. Gramstad^^^ 

F. Grancagnolo'''^^, S. Grancagnolo^^, V. Grassi^^^, V. Gratchev^^^ H.M. Gray^°, 

J.A. Gray^^^ E. Graziani^^^^, O.G. Grebenyuk^^i^ ^ Greenshaw^^ Z.D. Greenwood^^'", 

K. Gregersen^^, I.M. Gregor^^, P. Grenier^^^, J. Griffiths*^, N. Grigalashvili^^, 

A.A. Grillo^^^^ K. Grimm^i, S. Grinsteini2, Ph. Gris3^ Y.V. Grishkevich^^, J.-F. Grivaz^l^ 

A. Grohsjcan"'^, E. Gross^'''^, J. Grosse-Knetter^^, J. Groth-Jensen-'^''^, K. Grybel^^-^, 

D. Gucstl^^ C. Guicheney^^ E. Guido^O'^'^o^, T. Guillemin"^ S. Guindon5^ U. GuF^ 

J. Gunther^^s, B. Guo^^^, J. Guo^^, P. Gutierrezii\ N. Guttman^^s, Q. Gutzwillerl^^ 

C. Guyot^36^ (J Gwcnlanll^ C.B. Gwilliam^^^ A. Haas^°^ S. Haas=^°, C. Rahei^^, 

H.K. Hadavand^ D.R. Hadley^^ P. Haefner^^, F. Halin^o, Z. Hajduk^^, H. Hakobyan^^^ 

D. Hall^i^ G. Halladjian62, K. Hamachcri^^^ P. Hamal^i'l K. Hamano^^ M. Hamer5^ 

A. Hamilton^^^^'"^, S. Hamilton^^^ L. Han^^*^, K. Hanagaki^^^ K. Hanawa^^°, M. Hancel^ 

C. Handel^\ P. Hanke^^^, J.R. Hansen^^ J.B. Hansen^^ J.D. Hansen^^ P.H. Hansen^^, 

P. Hansson^"'^, K. Hara^^°, T. Harenberg^^^, S. Harkusha^", D. Harper^^, R.D. Harrington^^, 
O.M. Harris^^^, J. Hartcrt^^, F. Hartjes^°^, T. Hamyama*^^, A. Harvey^'^, S. Hasegawa^°\ 
Y. Hascgawa^^o, S. Hassani^^e, S. Haug^^ M. Hauschild^o, R. Hauscr^^ M. Havranck^i, 
CM. Hawkes^^ R.J. Hawkings^", A.D. Hawkins^^ T. Hayakawa'^^ T. Hayashi^'^o, 

D. Hayden^s^ CP. Rays^^^, H.S. Hayward^^ S.J. Haywood^^^ S.J. Headl^ V. Hedberg^^ 
L. Heelan^, S. Heim^^°, B. Heinemann^^, S. Heisterkamp'^'^, L. Hclary^^, C Heller^^, 

M. Heller^o, S. Hcllmani^^a.Meb^ Hcllmich^i, C Hclscnsi2, R.C.W. Hcndcrson^\ 

M. Henke^'^'', A. Hcnrichs^''^, A.M. Henriques Corrcia''^°, S. Hcnrot-Vcrsille^^^, C HenseF, 

CM. Hernandez^, Y. Hernandez Jimenez^^'', R. Herrberg^^, G. Herten"^^, 

R. Hertenberger^s, L. Hervas^", G.G. Hesketh^^ N.P. Hessey^°^ R. Hickling^^^ 

E. Higon-Rodriguez^s^ J.C HilP, K.H. Hiller^^ S. Hillert^i, S.J. Hillierl^ I. Hinchliffe^^ 
E. Hines^^o, M. Hirose^l^ F. Hirscli^^^ D. Hirschbuellp7^ J. Hobbsl4^ N. Rod^^^, 

M.C Hodgkinson^^^, P. Hodgson^^^, A. Hoecker^°, M.R. Hoeferkamp^°^, J. Hoffman'^°, 

D. Hoffmann^^ M. Hohlfeld8^ M. Holder^^i, S.O. Holmgren^^6% T. Holy^^e^ 

J.L. Holzbauer«^ T.M. Hong^^o^ l Hooft van Huysduynenlo^ S. Horner4^ 

J-Y. Hostachy^^, S. Hou^^^ A. Hoummada^'^''^, J. Howard^^^, J. Howarth*^, 

M. Hrabovsky^^^ I. Hristova^^ J. Hrivnacll^ T. Hryn'ova^ P.J. Hsu^\ S.-C Hsu^3^ 

D. Hu3^ Z. Hubacek^o, F. HubautS^ F. Huegging^i, A. Huettmann^^ T.B. Huffman"^ 

E. W. Hughes3^ G. Hughes^^ M. Huhtinen^^ M. Hurwitz^^ N. Huseynov^^'^ J. HustonS^ 
J. Huth^^, G. lacobucci^^, G. Iakovidis^°, M. Ibbotson^^ I. Ibragimov^''\ 

L. Iconomidou-Fayard^^^, J. Idarraga^^^, P. lengo^^^^, O. Igonkina^°^, Y. Ikegami^^, 

M. Ikeno^^ D. Iliadis^^^ N. Ilic^^^ T. Ince^^ P. Ioannou^ M. Iodice^3^% K. lordanidou^ 

V. Ippolito^32a,i32b^ A jj,|gg Quiles^'^^ C Isaksson^^^ M. Ishino^^ M. Ishitsuka^^^ 
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R. Ishmukhametov^''^ , C. Issevcr^^^, S. Istin^^'^, A.V. Ivashin^^^, W. Iwanski"^'', 
H. Iwasaki6^ J.M. lzen*\ V. Izzo^o^a^ B. Jackson^^o^ j Jackson^^^ P. Jackson^, 
M.R. Jaekel^o, V. Jain^, K. Jakobs^^ S. Jakobsen^^, T. Jakoubek^^s^ j jakubek^^e^ 
D.O. Jamin^^^, D.K. Jana^^^, E. Jansen''"'', H. Jansen^°, J. Janssen^^ A. Jantsch^^, 
M. Janus^^ R.C. Jared^^^^ G. Jarlskog^^ L. Jeanty^^ I. Jen-La Plante^^ G.-Y. Jeng^™^ 

D. Jennens^*", P. JennP, A.E. Loevschall-Jensen^^, P. Jez^*", S. Jezequel^, M.K. Jha^"*^, 

H. Jii^3^ W. J. Jial^^ Y. Jiang^^^, M. Jimenez Belenguer^^ S. Jin^S'^, O. Jinnouchii^^ 
M.D. Joergensen^e, D. Joffe^°, M. Johansen^^^^^'^^^^, K.E. Johansson P. Johansson^^^ 
S. Johnert^2^ K.A. Johns^ K. Jon-And^^^'^'^^^b^ q jones^^^, R.W.L. Jones^S T.J. Jones^^ 
C. Joram^o, P.M. Jorge^^^^, K.D. Joshi^^ J. Jovicevic^^^ T. Jovin^^*^, X. Ju^^^ 
C.A. Jung^^ R.M. Jungst^°, V. Juranek^^s^ Jussel^\ A. Juste Rozas^^ S. Kabana^^ 
M. Kaci^s^ A. Kaczmarska^^, P. Kadlecik^^, M. Kado^^^ H. Kagan^^^ M. Kagan^^ 

E. Kajomovitz^^^, S. Kalinin^'''^, L.V. Kalinovskaya^"', S. Kama'^^, N. Kanaya^^^, 

M. Kaneda^o, S. Kaneti^^, T. Kanno^^^ V.A. Kantserov^^ J. Kanzaki^^ B. Kaplan^^^ 

A. Kapliy^^, D. Kar^^, M. Karagounis^^, K. Karakostas^°, M. Karnevskiy^^'^, 

V. Kartvelishvili^\ A.N. Karyukhin^^s^ l Kashif^^^^ G. Kasieczka^^'^, R.D. Kass^°^ 

A. Kastanas^^ M. Kataoka^ Y. Kataokal5^ J. Katzy^^ V. Kaushik^ K. Kawagoe^^ 

T. Kawamoto^"''^, G. Kawamura^^, S. Kazama-^"''''', V.F. Kazanin^'^'^, M.Y. Kazarinov^^, 

R. Keeler^^^ P.T. Keener^^o, R. Kehoe^^, M. KciV'\ G.D. Kekelidze6^ J.S. Kcllcr^^s, 

M. Kenyon^^, H. Keoshkerian^, O. Kepka^^^, N. Kerschen^°, B.P. Kersevan'''^, 

S. Kerstenl^^ K. Kessoku^^^ J. Keung^^^ F. Khalil-zada^\ H. Khandanyan^^^^'^^^^, 

A. Khanov^^^, D. Kharchenko'^^, A. Khodinov^'^, A. Khomich^^'", T.J. Khoo^^, 

G. Khoriauli^^, A. Khoroshilov^''^, V. Khovanskiy^^ , E. Khramov^^, J. Khubua^^^, 

H. Kini^^^^'^^^^, S.H. Kim^^o^ Kimura^^S O. Kindl^ B.T. King^^^ M. King^^, 
R.S.B. Kingii^ J. Kirk^^g^ ^ g Kiryunin^s, T. Kishimoto6^ D. Kisielewska3^ 

T. Kitamura^s, T. Kittelmann^^s^ ^ Kiuchi^*'", E. Kladiva^^^^, M. KW^ U. KW^ 
K. Kleinknccht^i, M. KlemettiS^ A. Klier^^^ P. Klimek^^^^'^^^^, A. Klimentov^s, 
R. Klingcnbcrg'i-\ J. A. Klinger^^ E.B. Klinkby^^ T. Klioutchnikova^", P.P. Klok^^^, 
S. Klousl°^ E.-E. Kluge5^^ T. Kluge^^ P. Kluitl°^ S. Kluth^^ E. Kneringer^i, 
E.B.F.G. Knoops«^ A. Knue5^ B.R. Ko^^ T. Kobayashi^^s^ Kobel^^, M. Kocianl^^ 
P. Kodys^^^ K. Koneke^o, A.C. Konig^o^ S. Kocnig^i, L. KSpkc^^ F. Koetsveld^^^, 
P. Koevesarki^i, T. Koffas^^, E. Koffemanlo^ L.A. Kogan"^ S. Kohlmannl^^ F. Kohn^^ 
Z. Kohoutl2^ T. Kohriki6^ T. Koi^^^, G.M. Kolachev^o^'*, H. Kolanoskil^ V. Kolesnikov6^ 

I. KoletsouS9^ J. KolF, A.A. Komar9^ Y. Komori^5^ T. Kondo6^ T. Kono^^,.^ 

A.I. Kononov^^, R. Konoplich^°^'*, N. Konstantinidis^^, R. Kopeliansky , S. Koperny^^, 

A.K. Kopp^^ K. KorcyP^ K. Kordasl5^ A. Korn^^^ A. KoroP°^ I. Korolkov^^^ 

E.V. Korolkova^^^ V.A. Korotkov^^s^ q Kortner^^ S. Kortner^^ V.V. Kostyukhin^^ 

S. Kotov^s, V.M. Kotov64, A. Kotwal^^ C. Kourkoumelis^ V. Kouskoural5^ 

A. Koutsman^^^a^ ^ Kowalewski^^^ T.Z. KowalskP, W. Kozanecki^^e^ ^ g Kozhin^^^ 

V. KraP^^, V.A. Kramarenko^^, G. Kramberger^^, M.W. Krasny^^, A. Krasznahorkay^^^, 
J.K. Kraus^^, A. Kravchenko^'' , S. Kreiss^°^, F. Krejci^^^, J. Kretzschmar'^^ , 
K. Kreutzfeldt^^ N. Krieger5^ P. Kriegerl5^ K. Kroeninger^^ H. Kroha^^ J. Kroll^^o^ 
J. Kroseberg^^, J. Krstic^^^, U. Kruchonak^^, H. Kriiger^^, T. Kruker^^, N. Krumnack^^, 
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Z.V. Krumshteyn''^ M.K. Kruse4^ T. Kubota^^ S. Kuday^% S. Kuehn4^ A. Kugepc^ 

T. KuhP^ V. Kukhtin64, Y. Kulchitsky'^o, S. Kuleshov^^b^ Kuna^^ J. Kunkle^^o, 

A. Kupco^25^ H Kurashige^^ M. Kurata^^^, Y.A. Kurochkin^o, V. Kus^^s^ g g Kuwertz^^^ 

M. Kuze^^\ J. Kvita^^^^ R. Kwee^^, A. La Rosa^^ L. La Rotonda^^^'^^^, L. Labarga^", 

S. Lablaki35a^ C. Lacasta^^^ F. Lacavai32a,i32b^ j Lacey^^, H. Lacker^^^ D. Lacour^^ 

V.R. Lacuesta^^^ E. Ladygin^^, R. Lafaye^ B. Laforge^^ T. Lagouri^^^ S. Lai^^ 

E. Laisne^^, L. Lambourne''^, CL. Lampen'', W. Lampl'', E. Lancon^^^, U. Landgraf^^, 

M.RJ. Landon^^ V.S. Lang^^a^ q Lange^^ A.J. Lankford^^^^ F. Lanni^s, K. Lantzsch^o, 

A. Lanza^^^'^, S. Laplace^^ C. Lapoire^^, J.F. Laporte^^e^ rp Lj^j-jSQa^ ^ Larner^^^, 

M. Lassnig^^, P. Laurelli^''', V. Lavorini^'''^'^''''^, W. Lavrijsen^^, P. Laycock'''^, O. Le Dortz'''^, 

E. Lc Guirricc^^ E. Lc Mcncdcu^^ T. LcComptc^, F. Lcdroit-Guillon5^ H. Lee^°^ 
J.S.H. Lee"^ S.C. Lee^^\ L. Lee^^^, M. Lefebvre^^^ M. Legendrel3^ F. Legger9^ 

C. Leggett^^ M. Lehmacher^^ G. Lehmann Miotto^", A.G. Leister^^^ M.A.L. Leite^^^, 

R. Leitner^^^, D. Lellouch^''^, B. Lemmer^^, V. Lendermann^^^, K.J.C. Leney^''^^, 

T. Lenz^os^ G. Lenzen^^^^ B. Lenzi^^, K. Leonhardt^^ S. Leontsinis^°, F. Lepold^^^, 

C. Leroy93^ J-R. Lessard^^^ C.G. Lester^^, CM. Lcstcr^^n^ Lcvcquc-\ D. Lcvin^^ 

L.J. Levinson^^^ A. Lewisll^ G.H. Lewisl°^ A.M. Leyko^i, M. Leytoni^, B. Li^^b, B. Li^^ 

H. Lil^^ H.L. S. Li''^-'^'^^". X. LF, Z. Liang"^^^ H. Liao^^, B. Liberti^^sa^ p Lichard^o, 

K. Lici65^ Licbig^S C. Limbach^i, A. Limosani^^ M. Limper^^ S.C. Lin^^i''", 

F. Linde^°^ J.T. Linnemann^^ E. Lipeles^^^, A. Lipniacka^^, T.M. Liss^^^ D. Lissauer^^, 
A. Lister^^ A.M. Litke^^?^ ^^isi^ j g Uu^^"", L. Liu^^ M. Liu^^b^ y. Liu^^^, 

M. Livan"9^'"9^, S.S.A. Livermorc^i^ A. Lleres5^ J. Llorente Merino^o, S.L. Lloyd^^ 
E. Lobodzinska^^, P. Loch^, W.S. Lockman^^'', T. Loddcnkocttcr^^, F.K. Loebinger^^, 

A. Loginov^'^'^, C.W. Loh^'^^, T. Lohse^*^, K. Lohwasser"^^, M. Lokajicek^^^, V.P. Lombardo^, 
R.E. Long'''^, L. Lopes^^^^, D. Lopez Mateos^^, J. Lorenz^^, N. Lorenzo Martinez^^^, 

M. Losada^^^ P. Loscutoffl^ F. Lo Sterzo^32a,i32b^ Losty^-^s^'*, X. Lou^\ A. Lounisl^^ 
K.F. Lourciroi^^ J. Love^ P.A. Love^\ A.J. Lowc^^^'S, F. Lu^^a^ Lubattil'■^^ 
C. Lucii32a,i32b^ Lucottc■'^^ D. Ludwig^^ L Ludwig^^ J. Ludwig4^ F. Luchring^o, 

G. Luijckx^''^, W. Lukas^^, L. Luminari^^^^, E. Lund^^^, B. Lund-Jensen^"^^, B. Lundberg^^, 
J. Lundbergi^^^'i^^*^, O. Lundberg^^^^'^^^*^, J. Lundquist^^ M. Lungwitz^^ D. Lynn^^, 

E. Lytken^^ H. Ma^^, L.L. Mal^^ G. Maccarrone^^ A. Macchiolo^^ B. Macek^^, 
J. Machado Miguens^^"^^, D. Macina^", R. Mackeprang^^ , R.J. Madaras^^ H.J. Maddocks^\ 
W.F. Mader^^ T. Maeno2^ P. Mattig^^^ S. Mattig^^ L. Magnoni^^s^ Magradze^^, 
K. Mahboubi^^ J. Mahlstedt^°^ S. Mahmoud^^^ G. Mahoutl^ C. Maiani^^e, 

C. Maidantchik^^^, A. Maio^24a,c^ g Majewski^^, Y. Makida6^ N. Makovec^^^ P. MaP=^^ 

B. Malaescu^^ Pa. Malecki^^, p. Malecki^^, V.P. Maleev^^i^ p Malek^^, U. Mallik^^ 

D. Malon^ C. Malone^^^^ S. Maltczos^°, V. Malyshev^°^ S. Malyukov^'o, J. Mamuzic^^b^ 
A. Manabe6^ L. Mandelli^^^, L Mandic^"^, R. Mandrysch^^ J. Maneira^^^^, 

A. Manfredini^^ , L. Manhaes de Andrade Filho^^*^, J. A. Manjarres Ramos^^^, A. Mann^^, 

P.M. Manning^^^, A. Manousakis-Katsikakis^, B. Mansoulie^^*^, R. Mantifel^^, A. Mapelli^°, 

L. Mapelli^°, L. March^^^, J.F. Marchand^^, F. Marchese^^^^^'^^^'^, G. Marchiori^^, 

M. Marcisovsky^25^ Q p Marino^^^ F. Marroquim^^^, Z. MarshalP, L.F. Marti^^ 

S. Marti- Garcia^s^ B. Martin^o, B. Martin^^ J.P. Martin^^ T.A. Martin^^ V.J. Martin^^ 
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B. Martin dit Latour^^ S. Martin-Haugh^^^ H. Martinez^^e^ Martinez^^ 

V. Martinez Outschoorn^^ A.C. Martyniuk^^^ M. Marx*^ F. Marzano^^^a^ Marzin^^^ 

L. Masetti^^ T. Mashimo^^^ R. Mashinistov^"^, J. Masik^^ A.L. Maslennikov^°'^, 

I. Massa^^^'^""", G. Massaro^°^ N. Massol^ P. Mastrandrea^^^, A. Mastroberardino^^^'^'^^, 

T. Masubuchi^^^ H. Matsunaga^^^ T. Matsushita^^, C. Mattravers^^^''^, J. Maurer^^ 

S.J. Maxfield^^^ D.A. Maximov^o^''^, R. Mazini^^^ M. Mazur^i, L. Mazzaferro^^saassb^ 

M. MazzantiS9^ J. Mc DonaldS^ S.R Mc Kee^^ A. McCarn^^s^ l McCarthy^^^ 

T.G. McCarthy29, N.A. McCubbin^^g^ McFarlane^^'*, J.A. Mcfayden^^s, 

G. Mchedlidze^i^, T. Mclaughlan^^ S.J. McMahon^^g^ a. McPhersoni^^,/^ ^ Meade«^ 

J. Mechnich^°5, M. MechteP'^^, M. Medinnis^^ S. Meehan^^ R. Meera-Lebbai^^^ 

T. Meguro^^^ S. Mehlhasc^^ A. Mchta^^^ K. Mcicr-'^^^, B. Meirosc™, C. Mclachrinos^^ 

B. R. Mellado Garcial^^ F. Meloni^^^'^^b^ Mendoza Navas^^^ Z. Meng^^^'^, 
A. Mengarelli^O'^'^ob, S. Menke^^ E. Meoni^'^i, K.M. Mercurio^^ R Mermod^^ 

L. Merola^°2a,io2b^ q_ MeroniS9% F.S. Merritt^S H. Merritt^o^ A. Messina^^'J^, J. Metcalfe^^, 

A.S. Mete^6^ C. Meyer«\ C. Meyer3\ J-P. Meyer^^^ J. Meyerl^^ J. Meyer^^, S. MichaF, 

L. Micu2«% R.R Middlcton^29^ g_ Migas^^ L. Mijovicl■'^^ G. Mikenberg^^^^ 

M. Mikestikova^25^ Mikuz^^ D.W. Miller^i, R.J. Miller^^ W.J. Millsl^^ C. Mills^^ 

A. Milovi^2^ D.A. Milstcad^^^^'i^^*^, D. Milstein^^^ A.A. Minaenko^^s^ Mifiano Moya^^^ 

LA. Minaslivili'^\ A.I. Mincer^o^ B. Mindur^s, M. Mmeev^\ Y. Ming^^^ L.M. Mir^^ 

G. Mirabellii32a^ j Mitrevski^^?^ y a. Mitsou^^^ S. Mitsui6^ P.S. Miyagawa^3^ 

J.U. Mjornmark^^ T. Moa^^*''^'^^^'', V. Moeller^s, K. Monig^^ N. Moser2\ S. Mohapatra^^^ 

W. Mohr^^ R. Moles- Vallsi67^ A. Molfetas^o, J. Monk^^ E. Monnier^^^ 

J. Montejo Berlingen^^ F. Monticelli^°, S. Monzani^o^'^c"^, R.W. Moored G.F. Moorhead^^ 

C. Mora Herrera^^ A. Moraes^^ N. Morange^3^ J. MoreP, G. Morello^^^'^'^^, D. Moreno^^ 
M. Moreno Llacer^^^, P. Morettini^^^, M. Morgenstern^^, M. Morii^^, A.K. Morley^°, 

G. Mornacchi''^", J.D. Morris^^ L. Morvaj^°^ H.G. Moser^^, M. Mosidze^^^, J. Moss^°^ 
R. Mount^^^ E. Mountrichal°'^ S.V. Mouraviev^^'*, E.J.W. Moyse^^ F. Mueller^^^, 

J. Mueller^23^ ^ Mueller^^ T.A. Miiller^^ T. Mueller^^ D. Muenstermann^^, 

Y. Munwes^^^ W.J. Murray^^^ I. Mussche^°^ E. Musto^^^ A.G. Myagkov^^s^ 

M. Myskal2^ O. Nackenhorst5^ J. NadaP^ K. Nagai^™, R. Nagai^^^ Y. Nagai«^ 

K. Nagano^^ A. Nagarkar^°^, Y. Nagasaka^^, M. NageF, A.M. Nairz^^, Y. Nakahama^°, 

K. Nakamura^^, T. Nakamura^^^, I. Nakano^^'', H. Namasivayam^-'^ , G. Nanava^^, 

A. Napier^^^ R. Narayan^^*", M. Nash'^'^''^, T. Nattermann^^ T. Naumann'^^ G. Navarro^^^ 

H. A. Neal^^ P.Yu. Nechaeva9^ T.J. Neep^^ A. Negri^^^a.iiQb^ q Negrito, M. Negrini^o^ 
S. Nektarijevic^^ A. Nelsonl6^ T.K. Nelsonl^^ S. Nemecek^^s^ p Nemethyl°^ 

A.A. Nepomuceno^^^, M. Nessi^^'"", M.S. Neubauer^^^, M. Neumann^'^^, A. Neusiedl^^ 
R.M. Neves^°^ P. Nevski^^, F.M. Newcomer^^o^ p Newman^^ V. Nguyen Thi Hong^^^, 
R.B. Nickerson^^^, R. Nicolaidou^^^, B. Nicquevert^°, F. Niedercorn^^^, J. Nielsen^^'^, 
N. Nikiforou3^ A. Nikiforov^^ V. Nikolaenko^^s^ j Nikolic- Audit ^^ K. Nikolics^^ 
K. Nikolopoulos^^, H. Nilsen^^, P. Nilsson^, Y. Ninomiya^^^ A. Nisati^^^^, R. Nisius'^^, 
T. Nobe^^^ L. Nodulman^ M. Nomachill^ I. Nomidis^^^, S. Norberg^^^ M. Nordberg^°, 
J. Novakova^^'^, M. Nozaki*"^, L. Nozka^^^, A.-E. Nuncio- Quiroz^^ G. Nunes Hanninger^^, 
T. Nunnemann^s, E. Nurse^^ B.J. 0'Brien^^ D.C. O'Neil^^^^ V. O'Shea^^^ L.B. Oakes^^, 
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F. G. Oakharn^^'-^ H. Oberlack^^, J. Ocariz^^ A. Ochi^e, S. Oda^^, S. Odaka6^ J. Odier«^ 
H. Ogren^o, A. Oh^^ S.H. Oh^^ C.C. Ohm^o, T. Ohshimai°\ W. Okamura"^ H. Okawa2^ 
Y. Okumura^i, T. Okuyama^^^ A. Olariu^^^^, A.G. Olchevski^^ S.A. Olivares Pino^^a^ 

M. 01iveira^2^^'^ D. Oliveira Damazio2^ E. Oliver Garcia^*^^, D. Olivito^^o^ ^ Olszewski^^^, 
J. Olszowska^^ A. Onofre^24a,ab^ P.U.E. Onyisi^^'"^ C.J. Oram^^^a^ ^.J. Oreglia^S 
Y. Oreni53, D. Orestano^34a,i34b^ Orlando^2a,72b^ q Qropcza Barrcra^^^ R.S. Oii^^^, 

B. OsculatP'^'^"^, R. Ospanov^20^ q Osuna^^ G. Otero y Garzon^^, J.R Ottersbach^o^ 
M. Ouchrifi35d^ E.A. Ouellette^ss, F. Ould-Saada^^^ A. Ouraou^^e, Q. Ouyang^^^^, 

A. Ovcharova^^ M. Owen^^ S. Owen^^^ V.E. Ozcan^^^, N. Ozturk^ A. Pacheco Pages^^ 

C. Padilla Aranda^^ S. Pagan Grisol^ E. Paganisl3^ C. PahF, F. Paige^^ P. Pais«^ 
K. Pajchcl"^ G. Palacino^^^^, G.R Paleari^ S. Palestini^o, D. Pallin^^ A. Palmai24a^ 
J.D. Palmer^^, Y.B. Pan^''^, E. Panagiotopoulou^°, J.G. Panduro Vazquez''^, P. Pani^°^, 
N. Panikashvili^^ S. Panitkin^^ D. Pantea^^^, A. Papadelis^^^^, Th.D. Papadopoulou^°, 
A. Paramonov^, D. Paredes Hernandez^^, W. Park^^'""^, M.A. Parker^^, F. Parodi^°'^'^°'', 
J. A. Parsons^^, U. Parzefall^^, S. Pashapour^^, E. Pasqualucci^^^^, S. Passaggio^^^, 

A. Passeri^''^^% F. Pastorc^''^^^'^''^^^'*, Fr. Pastore^^ G. Pasztor^*^'"^ S. Pataraia^^^ 

N. Patel^so, J.R. Pater^^ S. Patricellii°2a,i02b^ rj. pg^^jySO^ Pearce^^s, S. Pedraza Lopez^^^ 

M.I. Pedraza Morales^^^ S.V. Peleganchuk^o^ D. Pelikan^^^ H. Peng''^-'^*^, B. Penning^i, 

A. Penson'"^'"'^ , J. Penwell*''^, M. Perantoni^^^, K. Perez^^''*-^, T. Perez Cavalcanti^^, 

E. Perez Codina^^'^^, M.T. Perez Garcia-Estan^^^, V. Perez Reale^^ L. Perini^^^'^^*^, 
H. Pernegger^°, R. Perrino^^'^, P. Pcrrodo^, V.D. Pcshckhonov^^ , K. Peters'^*^, 

B. A. Petersen^", J. Petersen^o, T.C. Pctersen''^^ E. Petit^ A. Pctridis^^^, G. Petridou^^^, 

E. Petroloi32a^ Petrucci^34a,i34b^ PetschulP^ M. Petteni^^^ R. Pezoa^^b^ ^_ Phan^^ 

P.W. Phillips^^^ G. Piacquadio^o, A. Picazio^^ E. Piccaro^^ M. PiccininP^'^ob^ 
S.M. Piec^^ R. Piegaia^^, D.T. Pignotti^°^ J.E. Pilcher3\ A.D. Pilkington^^ J. Pinai24a,c^ 
M. Pinamonti^^^'^'^^^S A. Pinder^^^ J.L. Pinfold^, A. PingeP, B. Pinto^24a^ q p-^i^sga.sgb^ 
M.-A. Pleier^s, E. Plotnikova^^, A. Poblaguev^^, S. Poddar^S'^, F. Podlyski''^^ L. Poggioli^^^ 

D. Pohl^i, M. Pohl^^ G. Polesello^i^a^ A. Policicchio^^^'^^b^ Polifkai-^^^ A. Polini^o^ 

J. PoU''^, V. Polychronakos^^ , D. Pomeroy^^, K. Pommes^'', L. Pontecorvo^^^^, B.G. Pope*^*^, 

G. A. Popeneciu^^^, D.S. Popovic^^a^ ^ Poppleton^^, X. Portell Bueso^", G.E. Pospelov^^ 
S. Pospisil^26^ J Potrap99, G.J. Potter^^^, G.T. Potterll^ G. Poulard=^°, J. Poveda™, 

V. Pozdnyakov^^ , R. Prabhu^'', P. Pralavorio^^ , A. Pranko^^, S. Prasad^°, R. Pravahan^^, 

S. PrelF^ K. Pretzl^^ D. Price^", J. Price^^^ L.E. Price^, D. Prieur^^s^ Primavera^^a^ 

K. Prokofiev^"* , F. Prokoshin^^^, S. Protopopescu^^, J. Proudfoot^, X. Prudent"'^, 

M. Przybycien^^, H. Przysiezniak^, S. Psoroulas^^ E. Ptacek^^^, E. Pueschel^^, 

D. Puldon^^^ J. Purdham^^ M. Purohit^^''^'^, P. Puzo^l^ Y. Pylypchenko^^^ J. Qian^^ 

A. Quadt^^ D.R. Quarrie^^ W.B. Qnayle^^^, M. Raas^^^ V. Radeka^^ V. Radescu^^ 

P. Radloffl^^ F. Ragusa^^^'^^^, G. Rahall^^ A.M. Rahimiio^ D. Rahm^^, S. Rajagopalan^^, 

M. Rammensee'^^ , M. Rammes^"^^, A.S. Randle-Gonde'^'', K. Randrianarivony^^, K. Rao^^^, 

F. Rauscher^s, T.C. Rave^^ M. Raymond^o, A.L. Read^^^ D.M. Rebuzziii9a,ii9b^ 

A. Redelbach^^^, G. Rcdlinger^s, R. Rcccc^^o^ ^ Reeves''^ A. Reinsch^^^ I. Reisinger''^ 

G. Rembser^°, Z.L. Ren^^^ A. Renaud^^^ M. Rescigno^^^'^, S. Resconi^^'^, B. Resende^^^, 
P. Reznicek9^ R. Rezvani^^^, R. Richter^^ E. Richter-Was^'"^', M. Ridel^^, 



20 



M. Rijssenbeekl^^ A. Rimoldi^i*^'^'^^^^, L. RinaldP^ R.R. Rios^°, E. Ritsch^i, I. Riu^^^ 

G. Rivoltella^^^'S^b^ Rizatdinova^^^ E. Rizvi^^ S.H. Robertson^^'', 

A. Robichaud-Veronneau^^*, D. Robinson^®, J.E.M. Robinson^^, A. Robson^^, 

J.G. Rocha de Limal°^ C. Rodai22a,i22b^ ^ j^^^a Dog Santos=^°, A. Roe^^ S. Roe^", 

0. R0hne^^^ S. Rolli^6^ A. Romaniouk^^ M. Romano^^^'^ob, G. Romeo^^, 

E. Romero Adam^^^ N. Rompotis^^s^ p Roos^^ E. Ros^^^ S. Rosati^^^a^ Rosbach^^, 
A. Rose^^^ M. Rose^^ G.A. Rosenbaum^^^ RL. Rosendahl^^ O. Rosenthali^\ 

L. Rosselet^^ V. Rossetti^^ E. Rossii32a,i32b^ l p Rossi5°% M. Rotaru^^^^, I. Roth^^^ 

J. Rothberg^38^ ^ Rousseau^^^ C.R. Royon^^e^ ^ Rozanov^^ Y. Rozen^^^ X. Ruan^^'*-"'*, 

F. Rubbo^^^ 1. Rubinskiy^^ N. Ruckstuhpo^ V.I. Rud^^, C. Rudolph^^ F. Riihr^ 

A. Ruiz-Martinez^^, L. Rumyantsev^^, Z. Rurikova^^, N.A. Rusakovich^^, A. Ruschke^^, 
J.R Rutherfoord^ N. Ruthmann4^ R Ruzicka^^s, Y.F. Ryabov^^i^ ^p Rybar^^?^ 

G. Rybkinl^^ N.C. Ryder^l^ A.F. Saavedra^^^, I. Sadeh^^^ H.F-W. Sadrozinski^^^, 
R. Sadykov^"^, F. Safai Tehrani^^^'', H. Sakamoto^^^, G. Salamanna''^, A. Salamon^^^'^, 
M. Saleemiii, D. Salek^o, D. Salihagic^^ A. Salnikovl4^ J. Salt^^^ 

B. M. Salvachua Ferrando^ D. Salvatore^^^-^^b^ p. Salvatore^^^ A. Salvucci^°^, 

A. Salzburger^o, D. Sampsomdis^5^ B.H. Samset^^^ A. Sanchezi02a,i02b^ 

V. Sanchez Martinez^^^ H. Sandaker^^ H.G. Sander^\ M.R Sanders9^ M. Sandhoff^^^ 
T. SandovaF^, C. Sandoval^^^, R. Sandstroem^*^, D.P.C. Sankey^^*^, A. Sansoni'''^, 

C. Santamarina Rios^^ C. Santoni^'', R. Santonico^^^^'^^^^, H. Santos^^^^, 

1. Santoyo Castillo^^^, J.G. Saraiva^^^'^, T. Sarangi^'''^, E. Sarkisyan-Grinbaum^, 

B. Sarrazin^i, F. Sarrii22a,i22b^ q Sartisohnl^^ O. Sasaki^s, Y. Sasakil5^ N. Sasao^^ 
I. Satsounkevitch^°, G. Sauvage^'*, E. Sauvan^, J.B. Sauvan^^^, P. Savard^"''^'''^, 

V. Savinov^^s^ q Savu^^, L. Sawyer^^.", D.H. Saxon5^ J. Saxon^^o, C. Sbarra^o^ 

A. Sbrizzi^o^'^ob^ d.A. Scannicchio^6^ M. Scarcella^^^, J. Schaarschmidt^l^ P. Schacht^^ 

D. Schaeferi20, U. Schafer^i, A. Schaelicke^^^ S. Schaepe^i, S. Schaetzel^sb, ^ Schafferll^ 

D. Schaile''^ R.D. Schambergerl'^^ V. ScharP% V.A. Schegelsky^^i , D. Scheirich^^, 
M. Schernaui6'\ M.I. Scherzer^s, C. Schiavi^o^'^o^, J. Schieck^^, M. Schioppa-"^'^^^, 

S. Schlenker^°, E. Schmidt"^^, K. Schmieden^^, C. Schmitt^^, S. Schmitt^^'^, B. Schneider^^, 
Y.J. Schnellbach^^ U. Schnoor^^ L. Schoe^feP^^ A. Schoening^sb, A.L.S. Schorlemmer^^, 
M. Schott^°, D. Schouten^^^'^, J. Schovancova^^s^ jyj Schram^^ C. Schroeder^^ 
N. Schroer^s^ M.J. Schultens^^ J. Schultesl^^ H.-C. Schultz-Coulon58% H. Schulz^^ 
M. Schumacher^^, B.A. Schumm^^'', Ph. Schune^^^, A. Schwartzman^^^, Ph. Schwegler^^, 
Ph. Schwemling ''^ , R. Schwienhorst^^, J. Schwindling^^^ , T. Schwindt^^, M. Schwoerer^, 
F.G. Sciacca^^ E. Sciio^^^, G. ScioUa^^, W.G. Scott^^g^ j Searcyll^ G. Sedov^^^ 

E. Sedykh^^i, S.C. SeideP°^ A. Seiden^^^ F. Seifert4^ J.M. Seixas2^% G. Sekhniaidze^^^a^ 
S.J. Sekula^°, K.E. Selbach^^ D.M. Sehverstov^^i ^ ^ SeMen^^^^, G. SelW^^ 

M. Seman^^^*^, N. Semprini-Cesari^o^'^ob^ C. Serfon-'^o, L. Serin"^ L. Serkin5^ T. Serre^^^ 
R. Seuster^^^a^ g Severini"^ A. Sfyrla^o, E. Shabalina5^ M. Shamiml^^ L.Y. Shan^^'^, 
J.T. Shank22, Q.T. Shao«^ M. Shapiro^^ P.B. Shatalov^^ K. Shaw^^^^'^^^^ D. Shermani^^^ 
P. Sherwood^^ S. Shimizul°^ M. Shimojima^°°, T. Shin^^ M. Shiyakova6^ A. Shmeleva'^^ 
M.J. Shochet^'S D. Shortl^^ S. Sh^estha^^ E. Shulga9^ M.A. Shupe^ P. Sicho^^s^ 
A. Sidotii32a^ F. Siegert^^ Dj. Sijacki^^^, O. Silbert^^^ J. Silvai24a^ y. Silver^^s, 
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D. Silverstein^^^ S.B. Silversteini46% V. Simak^^e, Q. Simard^=^^ Lj. Simici^% S. Simion^^s^ 

E. Simioni^^, B. Simmons^^, R. Simoniello^^'^'^^'^, M. Simonyan^^, P. Sinervo^^^, 
N.B. Sinev"^ V. Sipica^^S G. Siragusa^^^ A. Sircar^^, A.N. Sisakyan^^-*, 

S.Yu. Sivoklokov'^^ J. Sjolin^^^^'^^^^, T.B. Sjursen^^ L.A. Skinnari^^^ H.P. Skottowe^^ 
K. Skovpen^o^ P. Skubicll^ M. Slater^^, T. Slavicek^^e, K. S\iwa}^\ V. Smakhtini^^^ 
B.H. Smart^^, L. Smcstad^^''', S.Yu. Smirnov^^, Y. Smirnov^^, L.N. Smirnova^''''"', 
O. Smirnova^^ B.C. Smith^^ K.M. Smith^^^ M. Smizanska^S K. Smolek^^e, 
A.A. Snesarev9^ S.W. Snow^^ J. Snow^^i, S. Snyder^s, R. Sobie^^g,^^ j_ Sodomka^^e, 
A. Sofferi53, C.A. Solans^o, M. Solar^^e, J. Solc^^e, E.Yu. Soldatov^e, U. Soldevila^^^ 

E. Solfaroli Camilloccii32a,i32b^ ^.A. Solodkov^^s^ q.V. Solovyanov^^s^ y. Solovyev^^i^ 
N. Soni\ A. Sood^^ V. Sopko^^e, B. Sopko^^e^ m. Sosebee^ R. Soualahi64a,i64c^ 

P. Soucid^'l A. Soukharev^o^ D. South^^ S. Spagnolo^2a,72b^ Spano^^ R. SpighP'^, 

G. Spigo-'^o, R. Spiwoks^o, M. Spousta^^^^^i, T. Spreitzerl5^ B. Spurlock^ R.D. St. Denis5^ 
J. Stahlman^^o, R. Stamen5s^ E. Stanecka^'^ R.W. Stanek^ C. Stanescui34a^ 

M. Stanescu-Bellu^2^ M.M. Stanitzki^^^ S. Stapnes^^^ E.A. Starchenkol2^ J. Stark^^, 

P. Staroba^25^ Starovoitov^^ R. Staszcwski^^^ A. Staude9^ P. Stavina^^^^'*, G. Steele^^^ 

P. Steinbach^^ P. Stcinbcrg^^, I. Stekl^^e, B. Stelzer^^^ H.J. StelzerS^ 

O. Stelzer-Chiltoni59a^ ^ Stenzel^^ S. Stcrn^^, G.A. Stcwart^o, J. A. Stillings^i, 

M.C. Stockton^s, M. Stoebe^^ K. Stoerig^^, G. Stoicea^^^ S. Stonjek^^ P. Strachota^^^, 

A.R. Stradling^, A. Straessner^^ J. Strandberg^^^ S. Strandbergi46a,i46b^ A. Strandlie^^^ 

M. Strang^°^ E. Strauss^^^ M. Strauss"^ P. Strizenec^^^^, R. StrShmcr^^^ D.M. Strom^^^, 

J.A. Strong^6,*^ ^ Stroynowski^o, B. Stugu^'S I. Stumer^^-*, J. Stupakl4^ P. Sturml^^ 

N.A. Stylcs^^ D.A. Soh^^i'^ D. Su^^^^ HS. Subramania^ R. Subramaniam^s, A. Succurro^^ 

Y. Sugaya"^ C. Suhr^o^, M. Suk^^^, v.V. Sulin^^, S. Sultansoy^^, T. Sumida^^ X. Sun^\ 

J.E. Sundermann^«, K. Suruliz^^^, G. Susinno^^^'^^^, M.R. Sutton^^^, Y. Suzuki^^, 

Y. Suzuki^e, M. Svatos^^s^ g_ Swedish^^s, 1. Sykorai^^% T. Sykora^^?^ Sanchez^^^, 

D. Talo^ K. Tackmann^^ A. Taffard^^s, R. Tafirout^^^a^ n. Taiblum^^^ Y. Takahashil°^ 

H. Takai^s, R. Takashima6^ H. Takcda^^, T. Takeshita^^o, Y. Takubo^^, M. Talby^^^ 

A. Talyshevi°^''\ M.C. Tamsett^^, K.G. TanS^ J. Tanakal5^ R. Tanaka"^ S. Tanaka^^i^ 
S. Tanaka6^ A.J. Tanasijczuk^^^ K. Tani^^ N. Tannoury^^^ S. Tapp^ogge^^ D. Tardif 5^ 
S. Tarem^s^ F. Tarrade^^ G.F. Tartarelli89% P. Tas^^?^ Tasevsky^25^ P Tassi=^^^'^^^, 

Y. Tayalati^-'^-'^'i, C. Taylor^^ F.E. Taylor92, G.N. Taylor8^ W. Taylor^^^b^ Teinturier^^^^ 

F. A. Teischinger'^'' , M. Teixeira Dias Castanheira''^, P. Teixeira-Dias™, K.K. Temming^*, 
H. Ten Kate3°, P.K. Teng^^^ S. Terada''^ K. Terashi^5^ J. Terron^o, M. Testa^^ 

R.J. Teuscher^^^'^ J. Therhaag2^ T. Theveneaux-Pelzer^^, S. Thoma''^ J.P. Thomas^^, 

E. N. Thompson3^ P.D. Thompson^^ P.D. Thompson^^^, A.S. Thompson^^ 

L.A. Thomsen^^ E. Thomson^^o^ ^ Thomson^^ W.M. Thong^^ R.P. Thun^^ F. Tian^^ 
M.J. Tibbctts^^ T. Tic^^^, V.O. Tikhomirov^^ Y.A. Tikhonov^o^''^, S. Timoshenko^^ 
E. Tiouchichine^^ , P. Tipton^^^, S. Tisserant^^, T. Todorov^, S. Todorova-Nova^^^, 

B. Toggerson^s^^ J. Tojo^^ S. Tokar^^^^, K. Tokushuku6^ K. Tollefson«^ M. Tomoto^°\ 
L. Tompkins^i, K. Toms^°^ A. Tonoyan^^ C. TopfeP^, N.D. Topilin^^, E. Torrence^^^, 

H. Torres^^ E. Torro Pastor^^^ J. Toth^^''^^ F. Touchard^^ D.R. Tovey^^^ T. Trefzger^^^, 
L. Tremblet^o, A. Tricoli^o, LM. Trigger^^^^, S. Trincaz-Duvoid^^, M.F. Tripiana^°, 
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N. Triplett^s, W. Trischuk^^^ B. Trocme^s, C. Troncon^*^'^, M. Trotticr-McDonald^'^^ 

P. Tme^^, M. Trzebinski^^ , A. Trzupek^^, C. Tsarouchas^° , J.C-L. Tseng^^^, 

M. Tsiakiris^°^ P.V. Tsiareshka'^o , D. Tsionou^'"^ G. Tsipolitis^^, S. Tsiskaridze^^ 

V. Tsiskaridze^^ E.G. Tskhadadze^l^ I.I. Tsukerman9^ V. Tsulaial^ J.-W. Tsung^i, 

S. Tsuno6^ D. Tsybychev^^^ A. Tua^^^ A. Tudorache^^^, V. Tudorache^^^ J.M. Tuggle=^^ 

M. Turala^s, D. Turccck^^e^ r^^^j^ Cakir^^ R. Turra^^'^'^*^'', P.M. Tuts^^, A. Tykhonov^^ 

M. Tylmad^^^^'i^^*^, M. Tyndel^^g^ q Tzanakos^, K. Uchida^i, I. Ueda^5^ R. Ueno^^, 

M. Ughetto^^ M. Uglandl^ M. Uhlenbrock^^, F. Ukegawa^^^, G. UnaF, A. Undrus^^, 

G. Unel^^^^ Y. Unno6^ D. Urbaniec^^, P. Urquijo2\ G. Usai^ L. Vacavant^^^ V. Vacek^^e^ 

B. Vachon«5, S. Vahsen^^^ S. Valentinetti^o^'^^^, A. Valero^^^ L. Valery^^, S. Valkar^^^, 

E. Valladolid Gallego^^^ S. Vallecorsa^^^^ J.A. Vails Fcrrcr^^^ R. Van Berg^^o^ 

P.O. Van Der Deijl^°^, R. van der Geer^°^, H. van der Graaf^°^, R. Van Der Leeuw^°^, 

E. van der Poel^°^, D. van der Ster^'^, N. van Eldik^*^, P. van Gemmeren^, 

J. Van Nieuwkoop^^^, I. van Vulpen^'^^, M. Vanadia^^, W. Vandelli^'^, A. Vaniachine^, 

P. Vankov^^ F. Vannucci^^ R. Vari^^^a^ Varnes^ T. Varol«^ D. Varouchasl^ 
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